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Air  Force  Cambridge  Research  Laboratories,  It.  0.  Han  scorn  Field  ■  Bedford,  Mass, 


(ticovuto  il  22  Jfnggiol972) 


Cavalleui  (')  has  commented  on  n  recent -scrips  of  letters  (*••)  whioh  hnvo  appeared 
in  Xatuiie.  Tlieso  letters  linvo  dealt  with  Khrenfest’s  paradox  of  tlm  rolativlstie,  rotating 
disk.  Tlio  loiters  of  Weinstein  (’)  and  WiilTMiitE  (“)  lnivo  brought  tlm  Tliomns  pro¬ 
cession  into  the  discussion.  Cavali.eiu  lias  discussed  their  ideas  jn  terms  of  the  rela¬ 
tivistic  mechanics  of  clastic  media.  1  should  liko  to  show  that  both  Weinstein  ik'd 
Wiiitmiue,  in  applying  the  Thomas  precession  to  the  extended  disk,  have  made  eertwwi 
implicit  assumptions  which  should  bo  examined  more  fully. 

Now  the  Thomas  precession  is  derived  by  considering  the  group  properties  of  sue- 
cessivo  l.orenlz  transformations.  Two  successive  Lorentz  transformations  which  are 
not  co-parallcl  are  physically  equivalent  to  a  single  J.orontz  Transformation  plus  a 
rotation.  This  is  discussed  quito  fully  by  Fuitnv  (10),  Mui.LElt  (")  and  Jackson  ('*). 
In  essence  a  point  particlo  travels  in  a  torque-free,  circuhvr  orbit  and  tho  mbit  ion  bo- 
twcciwtho  inertial  frame  in  which  the  particlo  is  instantaneously  at  rest  and  tho  inertial 
frame  of  an  external  observor^is  examined.  In  all  discussions  of  the  Thomas. pieces- 
sion  tho  ox  tension  of  tho  particlo  concerned  is  completely  neglected. 

Both  Weinstein  and  Wuitmihk  have  extrapolated  tho  precession  to  an  extended 
disk.  Weinstein  considers  the  precession  for  an  infinitesimal  element  of  tho  disk  and 
then  integrates  over  tho-eloment.  To  carry  out  this  integration  requires  very  spocitlo 
statements  about  time  at  every  disk  position.  Uaeh  point  of  tho  disk  is  instanta¬ 
neously  at  rest  in  a  framo  which  moves  with  velocity  e  -  Or  with,  respect  to  tho  lab, 
oratory  in  which  tho  disk  rotates.  Hero  /i.  is  tho  disk  angular  velocity  and  r  the  radial 
distance  from  tho  center.  Therefore  wo  require  an  unflnitudo  of  nonparallel  inertial 
frames,  each  mobing.with  a  different-  velocity  r,  with  respect  to  tho  laboratory  framo. 
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a,  a.  KKwnuuo 


Kncti  frame  naturally  liaa  ita  own  timo  anil  t*acli  infinitesimal  element  of  the  disk  hus 
its  own  Thomas  preces&ional  velocity  ns  seen  by-' Urn  laboratory  observer.  \Vkij.\'tki» 
bus  not  demonstrated  the  integrabilily  ofliis  cq,  (1),  though  it  may  indeed  be  valid; 

Wliitmiro  lias  shown  that  extending  tho  ThomnH  precession  to  macroscopic  objects 
can  rosnlt  in  a  pradox  in  which  n  macroscopic-disk  element  is  forced  to  move  in  opposite 
directions  simultaneously-.  Whitmire’s  paradox  might  bo  looked  at  as  arising  from  cur 
simply  not  knowing  how  to  extend  the  Thomas  precession  io  the. entire  disk  or  oven 
to  two  circular  regions  of  the  sumo  sire  at  Urn  same  radial  position.  In  any  discussion 
wo  must  remember  that  each  point  of  the  disk  is  instantauedusly-at  rest  in  a  different 
inortial  frame.  Moreover,  the  prober  framo  of  the  disk  is  noninertiaJ.  in  addition,  it 
should  bo  noted dluit  the  precession  is  a  kinematic  not  a  dynamic  effect,  ;jr  pmnt  discus¬ 
sed  in  a  recent  paper  f11)  relating  tha  Tliomns  prccc-saioiKtfr  the  rOlutiyisti©  right-angled 
lover.  When  applied  to  point  particles,  the  Thomas.preeesitioii  ia  observed  iii  tlio  inortial 
laboratory  framo  hut-  not  in  tlm  particle’s  proper  framo.  This, suggests  a  question  as 
to  the  frame  in-  which  tho  *  Thomas  shear  stresses*  (as  WumuuK  lias  called,  them) 
are  to  bo  observed.  Is  it  tho  inertial  laboratory  .-fr4»no<jir  t he  ilihk  jiropor  frame  or  both! 
Moreover*  the  kinemalie-untisro-of  *tho  precessLn  wdishf -iipiko  tho  physical  origia  of 
such  shear  stresses  (if  they  oxist)  most  mysbripuj,  As  tho  paper  of  ref,  (*’)  in¬ 
dicates,  tho  Thomas  precession  is  completely  torque  ifn,c. 

Wo  do  not  know  whether  these  Thomas  Shears  tresses  can  ho  sot  up  in  a  rotating 
disk.  At  present  thin  question  can  ho  answered  only  by  appeal  to  experiment.  Until 
now  the  Thomas  precession  hus  been  justified  fi-r  microscopic  bodies  only,  namely 
elementary  particles  such  as  tho  electron,  and  hj  j-trely  kinematic  in  nature.  Tho  extra¬ 
polation  of  tins  precession  to  extended  structures  without  a  discussion  of  common 
disk  timo  or  tho  disk  proper  frame  is,  I  fee),  most-  questionable. 
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